Six wild growing sweet cherry (Prunus avium L.) 
Introduction
turkey, situated between Asia and europe, is very important center of origin and diversity of apple, pear, quince, apricot, plum, sweet cherry, sour cherry, strawberry, dogwood, almond, walnut, hazelnut, chestnut, etc. there is a large genetic diversity for all these species in various parts of the country. the coruh Valley in turkey is one of the 35 world's hotspots of biodiversity pointed out by the World conservation Union as the western section of "caucasus ecosystem" (2) . its rich biological diversity, in particular for wild edible fruits including wild cherries, is a result of the extreme variations in climate within a very small area due to the varying altitudes of the valley where the difference between the lowest and the highest point can reach up to 3 000 meters.
Prunus avium is a special tree which grows both as wild and cultivated plant in many places in turkey. As it is a traditional crop in turkey, both wild and cultivated forms make the country an important center for P. avium germplasm diversity. Wild forms are found in mixed forests (up to 1600 m a.s.l.), mainly in the northeast part of turkey. in particular coruh valley in northeast Anatolia has notable populations of different skin color-fruited wild sweet cherries. Seeds of these fruits are used as rootstocks for scion cultivars (10) . the fruits are important food source not only for humans, but also for the birds, mammals and insects living in the forests. local people from northeast Anatolian region have been using wild sweet cherry fruits both as a source of food and for medical purposes for thousands of years. in turkey, the fruit stalks of wild types boiled in water are used as a diuretic or medicine for bladder disorders (5) . the fruits from the native wild growing sweet cherries vary in shape, size, color and taste and could possess unique nutritious and organoleptic characteristics (10) .
there are numerous evidences supporting the hypothesis that fruits, in particular the wild forms, contain several compounds reducing the risk of some diseases, such as cancer and cardiovascular illness (9) . the protection against diseases, including cancer provided by fruits has been attributed to the various antioxidants contained in them (1) . Special interest is given to anthocyanins and polyphenolics (19) . the consumption of deep colored fruits has been inversely associated with morbidity and mortality from degenerative diseases (21, 28) . However, scientific information for antioxidant properties of various plants, particularly those that are less widely used in culinary and medicine is still scarce. therefore, the assessment of such properties remains an interesting and useful task, particularly for finding new sources of natural antioxidants, functional foods and nutraceuticals (3, 22) .
there is no available information concerning the chemical composition and antioxidant activity of wild sweet cherry fruits (P. avium). on the other hand, in coruh valley wild sweet cherries differ both in tree and fruit characteristics. therefore, in the present study the variability in physico-chemical characteristics of selected different color-fruited sweet cherry genotypes belonging to Prunus avium were investigated.
Materials and Methods

Chemicals
All chemicals were purchased from Sigma chemical company (St. louis, Mo). (2006 and 2007 year) . the trees were approximately 30 years old, originating from seeds and were selected to be with high yield, attractive fruits and free of diseases and pests in field conditions. these genotypes were also used as seed source for obtaining of rootstock for commercial sweet cherry cultivars in this region. the distinguished phenotypic characteristics of genotypes are shown in Table 1 . there were phenotypic differences in terms of fruit color, branching habit, vigor, growth habit, time of beginning of flowering and time of beginning of fruit ripening among the wild sweet cherry genotypes.
PHYSICO-CHEMICAL DIVERSITY IN FRUITS OF WILD-GROWING SWEET CHERRIES (Prunus avium L.)
All wild sweet cherry fruits were picked in mature stage between July 6 th and August 14 th in both years. the fruits were selected for laboratory analyses according to uniformity of shape and color. Samples were divided into two groups: first was used for analysis of fruit weight, ph value, total soluble solids, acidity, total anthocyanins and ascorbic acid analysis. the second group was air-dried in laboratory conditions, ground to a fine powder with a mortar and pestle and kept at room temperature prior to extraction. the dried samples were stored in dessicator for a maximum of 3 days until their usage for antioxidant activity and total phenolics analyses.
Preparation of the methanol extracts
Sample weighing about 100 g was extracted in a soxhlet with methanol (Meoh) at 60 0 C for 6 h. The extract was then filtered and concentrated in vacuo at 45 0 c. Finally, the extracts were lyophilized and kept in dark at +4 0 c until tested.
Determination of fruit weight, skin color, total soluble solids, pH value and titratable acidity of blackish, dark red, red and yellow skin colored wild sweet cherry fruits Fifty fruits from each genotype were used for analyses as each analysis was performed on all of the fruits tested. the skin color of the wild sweet cherry fruits were evaluated by five panelists on a five-step scale from yellow to blackish (36) . Fruit weight was measured by using a digital balance. total soluble solid contents (tSS) was determined by extracting and mixing one drop of juice from each fruit into a digital refractometer (Kyoto electronics Manufacturing co. ltd., Japan, Model RA-250he) at 22 0 c. the ph measurements were performed by using a digital ph meter (WtW inolab level 1, Germany) calibrated with ph 4 and 7 buffers. the titratable acidity was assessed by titration with naoh (0.1 n) and expressed as % of malic acid.
Determination of ascorbic acid, antioxidant activity, total anthocyanins and total phenolic in wild sweet cherry fruits Ascorbic acid was quantified with the reflectometer set of Merck Co. (Merck RQflex). The results were expressed as mg ascorbic acid (AsA) mg/100 ml (24) .
In β-Carotene-linoleic acid assay, antioxidant capacity of wild sweet cherry fruits was determined by measuring the inhibition of the volatile organic compounds and the conjugated diene hydroperoxides arising from linoleic acid oxidation (4) .
A stock solution of β-carotene/linoleic acid (Sigma-Aldrich) was prepared as follows. First, 0.5 mg of β-carotene was dissolved in 1 ml of chloroform (hPlc grade) then 25 µl linoleic acid and 200 mg tween 40 (Merck) were added. the chloroform was subsequently evaporated using a vacuum evaporator. then 100 ml distilled water saturated with oxygen (30 min at 100 ml/ min) was added with vigorous shaking. Aliquots (2.5 ml) of this reaction mixture were transferred into test tubes, and 350 µl portions of the extracts (2 g/l in ethanol) were added before incubation for 48 h at room temperature. the same procedure was repeated with butylated hydroxyanisole (BhA) and butylated hydroxytolune (Bht) at the same concentration and a blank containing only 350 µl of ethanol. After the incubation period the absorbance of the mixtures were measured at 490 nm. Antioxidant capacities of the samples were compared with those of BhA, Bht and the blank.
the content of total anthocyanins of the juice was determined by the ph differential method described by Wrolstadt (41) .
total phenolic constituents of fruits were measured following the literature methods involving Folin-Ciocalteu reagent and gallic acid as standard (31) . extract solution (0.1 ml) containing 1000 µg extract, 46 ml distilled water and 1 ml Folin-Ciocalteu reagent were mixed in a volumetric flask by thorough shaking. After 3 min, 3 ml 2% na 2 co 3 was added and the mixture was allowed to stand for 2 h with intermittent shaking. Absorbance was measured at 760 nm. the same procedure was repeated to all standard gallic acid solutions (0-1000 mg, 0.1 ml -1 ) and standard curve was obtained.
Statistical analysis
Fruit characteristic data from 2006 and 2007 were analyzed using SAS procedures. GlM procedure was used to construct Analysis of variance (AnoVA). tables and the means were calculated using tABUlAte. All factors, year, genotype and the interactions were considered as random factors. in construction of the AnoVAs, the sub-samples were averaged. the main effect of genotypes was separated by tukey at 5%.
Results and Discussion
Analytical determinations the results of AnoVA indicated that the differences among the experimental years were significant only for fruit weight and pH value at significance level of 0.05. The differences among the genotypes were significant for all traits tested ( Table 2) . Fruit color, fruit weight, total soluble solids, ph value and titratable acidity in wild sweet cherry fruits are shown in Table 2 . Genotypes were arranged according to the fruit color from yellow (cScS22) to red (cScS19), dark red (cScS13) and blackish (cScS1, cScS7, cScS11). Skin color is widely varying characteristic among sweet cherry cultivars (37) and the most important indicator of quality and maturity of the fresh sweet cherries. the color in fruits at maturate time is determined by the anthocyanine content (12) . the highest average fruit weight was measured in cScS19 genotype (2.11 g) and the lowest in cScS1 (0.76 g) ( Table 2) . our results show statistically significant differences in the measured fruit weight among the genotypes. Fruit weight in sweet cherries is strongly affected by the cultivar and depends also on the crop load (14) .
the titratable acidity was the highest in cScS7 genotype (blackish colored) -1.53%, and the lowest in CSCS19 (red colored) -0.98%. Bernalte et al. (6) reported acidity between 0.50-0.58% among two sweet cherry cultivars. Burak et al. (8) found that acidity were between 0.70-1.0% among two sweet cherry cultivars grown in turkey. esti et al. (11) also analyzed two sweet cherry cultivars and obtained similar data (0.55-0.98%). our results are in accordance with those of Kuden et al. (20) which in analyses of a total 21 cultivated sweet cherries mostly originated from turkey, europe and USA found acidity between 0.81-1.02. All these results support our findings.
in our study the ph value was between 3.79 (cScS7, blackish colored) and 4.18 (cScS19, red colored) which is in agreement with the investigations of Bernalte et al. (6) in which 2 sweet cherry cultivars originating from Spain were analyzed. our data are also in accordance with the results of hepaksoy et al. (16) who analyzed 4 sweet cherry cultivars originating from turkey, europe and USA, Kuden et al. (20) who analyzed 21 sweet cherry cultivars from turkey, USA and europe and Vursavus et al. (39) who used 3 sweet cherry cultivars from turkey, USA and France. in all these studies the ph value was found to be from 3.82 to 4.29. the differences in ph values among cultivars can be explained for genotype/ cultivars differentiation depending on the environmental conditions. All these authors concluded that the acidity value of sweet cherries is determined mostly by genotype because in their investigations the ecological conditions and cultural applications were uniform. As indicated our study was performed on wild genotypes collected from regions with diverse environmental conditions. the impact of the environmental conditions and the wild habit of the genotypes used might explain the differences in our data from those of the investigations performed on cultivated P. avium genotypes. there are scarce of studies on the chemical content of wild sweet cherries but both wild and cultivated genotypes belong to the same species so the results are comparable.
the tSS is also very important characteristics, giving information about sugar content of fruits. in our analyses the measured tSS is in the range from 19 Vitamin c (ascorbic acid) content of blackish, dark red, red and yellow wild sweet cherry fruits ranged from 19 (cScS22) to 27 (cScS1) mg/100 ml ( Table 2) , which were similar to those found in different cherry cultivars (24 to 37 mg/100 ml) at harvest (30, 33) . Moderate vitamin c content of wild sweet cherry genotypes suggesting that non-Vitamin c phytochemicals such as polyphenolics seems to play a significant role in antioxidant value or health benefits of wild sweet cherry fruits.
Anthocyanins were found in fresh sweet cherry fruits predominantly as rutinoside derivatives, mostly cyaniding 3-rutinoside (23) . Anthocyanins are plant pigments responsible for the orange, red and blue colors of fruits (32) . their presence is universally associated with attractive, colorful and flavorful fruits. Due to the uniqueness of anthocyanin profiles, they can be used to identify specific fruits and fruit products in order to determine product authenticity (41) . Anthocyanins have attracted much attention and are implicated with beneficial activities as food ingredients and as promoters of human health (7) . our data showed the highest amount of total anthocyanin in the red fruits (cScS19, 102 mg/100 g), while in the yellow ones was measured the lowest level of anthocyanins (cScS22, 5 mg/100 g). the difference among genotypes was statistically significant (p<0.01) ( Table 2) . Relatively the blackish and red fruits were found to contain more anthocyanins than the yellow ones. it was previously reported that the bicolored sweet cherry variety Ferrador contained 1 mg /100 g anthocyanins (37) . Anthocyanin contents from 1-432 mg/100 g in different sweet cherry genotypes were reported by Kim et al. (19) , Usenik et al. (37) and Vursavus et al. (39) which are in accordance with our results. the anthocyanin content of fruit species is not stable and is determined by environmental factors such as light and temperature. the cultural conditions such as irrigation, plant density, fertilization etc. as well as the genotype characteristics also affect anthocyanin content of fruits. the anthocyanin content is controlled by an unstable nucleic acid which must be continually resynthesized.
the total phenolic contents of fresh wild sweet cherries per 100 g ranged from 148 mg GAe in yellow skin colored fruit to 321 mg GAe in blackish skin colored fruit ( Table 2) . the results for total phenolics clearly showed that there were wide differences among blackish, dark red, red and yellow skin colored wild sweet cherry fruits. earlier, total phenolic content in sweet cherry fruits was reported from 23-264 mg GAe/100 g fresh weight (6, 12, 13, 38) indicating that plant genotype strongly affects total phenolic content in sweet cherries. it is well-known that phenolic compounds contribute to fruit quality and nutritional value in terms of modifying color, taste, aroma and flavor, and also in providing health-beneficial effects (35) .
the antioxidant activity of six wild sweet cherry fruits is shown in Table 2 . A statistically significant difference (p<0.01) was found among the samples and BhA (83.33%) and Bht (82.70%). in general, all of the studied wild sweet cherry fruits had relatively high antioxidant capacity. the antioxidant activity of blackish colored fruit (cScS11, 75.33%) was higher than that in the other genotypes ( (40) . Moreover wild genotypes of raspberry and plums had higher antioxidant capacity than cultivated ones (24) . it is known that antioxidants retard or inhibit the oxidation possibly by reactive radicals including RoS in a biological system. this suggests that the germplasm from the wild species can be recommended for future biotechnological applications with aim antioxidants rich cultivars to be obtained (24) . Wild sweet cherries may be good sources of natural antioxidants as well.
total phenolic content and antioxidant activity of wild sweet cherries showed positive relationship (r=0.76). Such positive relationship previously has been found both in sweet cherries (30, 37) and in several other small fruits (strawberries, raspberries and blueberries) (17) . the great difference among blackish, dark red, red and yellow skin colored wild sweet cherry fruits in terms of total phenolics and antioxidant activity is supposed to be largely due to the genotype because all plants were grown in the same ecological condition. Previously most of the biochemical traits of Japanese quince studied appears to be governed primarily by additive genes (29) . the wild Prunus avium (wild cherry) is the ancestor of Prunus avium cultivars (sweet cherry). it serves as a rootstock species and has been used in intraspecific hybridization programmes for genetic improvement by introducing additional desirable characters into sweet cherry cultivars (25, 34) .
Conclusions
the data obtained in the present study will be useful for the conservation and management of Prunus avium genetic resources. our results show large variations in the physico-chemical properties of wild growing sweet cherries. Statistically significant differences in weight, color, sweetness, acidity, antioxidant activity, etc. were found among the studied genotypes. these results, showing wide diversity among genotypes originating from coruh valley, turkey, presumably one of the centres of origin and diversity of Prunus avium, offers reliable data for selection of better genotypes. Previously chloroplast DnA diversity in wild cherry was found to be higher than in sweet cherry cultivars (26) . the results also imply that the higher level of dietary polyphenolic phytochemicals from wild sweet cherries may supply substantial antioxidants, which, in turn, may provide healthpromoting effects to consumers. This is one of the first studies on wild growing Prunus avium. We provided a comparison of the biological activities of wild and cultivated sweet cherries and showed that the wild growing genotypes have high levels of biological activity. this makes them a valuable source for genetic improvement of the cultivated genotypes. The finding that the wild genotypes possess higher antioxidant capacity allows us to recommend their usage in the future breeding programs for creation of superior sweet cherry cultivars. the strong antioxidant activity of fruits also provides scientific justification for the use of the fruits in ethnomedical practice in coruh valley in turkey by the local people.
